A 15-year-old female survived a total of 65 minutes cardiac arrest following ingestion of verapamil and selective serotonin re-uptake inhibitors. We consider that the lack of neurological damage, despite evidence of significant renal and myocardial injury, may be related to the possible neuroprotective effect of a large dose of verapamil
Mortality following cardiac arrest in hospital has been related to the length of resuscitation 1 . In the under 40 years age group, drug overdose has been reported as the main cause of cardiac arrest. In these patients the overall survival rate is no better than in older patients 2 where the main cause of cardiac arrest is atherosclerotic cardiac disease and survival to discharge averages 10 to 15% 1 . We present a case of survival against the odds.
CASE HISTORY
At 0947 hours ambulance staff attended a 15-yearold, 65 kg female at home who had reportedly taken an overdose between two and nine hours earlier. She had previously been admitted to hospital following drug overdoses but had no other significant medical history. Glasgow coma score at the scene was 15; respiratory rate was 16 breaths per minute and heart rate 58 beats per minute (BPM). An electrocardiogram (ECG) showed sinus rhythm and systolic blood pressure (SBP) was 80 mmHg. On the way to hospital she developed a tonic-clonic seizure which responded to midazolam 5 mg IV.
She arrived at hospital confused and with a sinus tachycardia 150 bpm. Blood glucose was 12 mmol/l. Within five minutes of arrival her heart rate fell to 20 bpm followed by cardiac arrest. Cardiopulmonary resuscitation (CPR) was commenced at 1015 hours and she was intubated and ventilated with 100% O 2 . ECG monitoring revealed a pulseless idioventricular rate of 24 bpm. She was given atropine 3 mg, adrenaline 1 mg and calcium gluconate 10 mmol (2.2 mmol calcium ions) IV over the next five minutes. In addition, sodium bicarbonate 50 mmol and magnesium sulphate 10 mmol were administered IV as the overdose was initially thought to include an unknown quantity of tricyclic antidepressants. Charcoal 50 g with sorbitol was administered via a nasogastric tube and an isoprenaline infusion was commenced, however she remained pulseless and CPR was continued. Family members arrived and it was ascertained that she had taken 7.2 g of verapamil and 240 mg of paroxetine. A further 2.2 mmol/l calcium was administered IV and the isoprenaline was exchanged for a dopamine infusion at 40 µg/kg/min. At 1045 hours external pacing at maximum output (200mA), rate 70 bpm resulted in transient capture and return of central pulses. Invasive arterial monitoring was then sited. Systolic blood pressure (SBP) peaked at 120 mmHg before falling to less than 70 mmHg within five minutes. Arterial blood gas (ABG) analysis taken on 100% oxygen showed: pH 6.86, P a O 2 412 mmHg, P a CO 2 70 mmHg, bicarbonate 12 mmol/l, potassium 2.6 mmol/l, glucose 23.9 mmol/l and anion gap of 36. Axillary temperature was 35.5°C.
Both pupils remained dilated and unresponsive to light. CPR was recommenced at 1050 hours due to the recurrence of pulseless electrical activity. Despite the addition of an adrenaline infusion at 0.3 µg/ kg/ min and 4.4 mmol of calcium ions IV, SBP fell to less than 40 mmHg. A total of 200 mmol sodium bicarbonate was administered over the next 30 minutes. At 1125 hours, following the placement of transvenous pacing wires and a further 4.4 mmol calcium ions, SBP again returned to peak at 120 mmHg. The dopamine infusion was ceased. Further boluses of calcium ions (total 7.5 mmol) and adrenaline (total 3 mg) were however, required to maintain SBP above 90 mmHg until an infusion of calcium (10 mmol/h) was established at 1200 hours at which time she was admitted to the Intensive Care Unit (ICU). Her tympanic temperature at that time was 37.8°C. ABG on 100% oxygen were pH 7.09, P a O 2 422 mmHg, P a CO 2 50 mmHg, bicarbonate 15 mmol/l, potassium 3.0 mmol/l, blood glucose 22.5 mmol/l and lactate 14.3 mmol/l. The adrenaline infusion was increased to 0.6 µg/ kg/min to maintain a mean arterial pressure (MAP) greater than 75 mmHg. The calcium infusion was ceased after four hours as her blood pressure had stabilized. Pacing was required for a further six hours and the inotropes were weaned over the next 24 hours.
The patient was anuric during resuscitation and remained oliguric for the next two days with a serum creatinine that peaked at 0.23 mmol/l before slowly returning to normal over the next two and a half weeks. Four hours after admission to ICU the ionized calcium peaked at 2.56 mmol/l (reference range 1.15 to 1.35). This was associated with a fall in serum phosphate to 0.03 mmol/l (reference range 0.7 to 1.4) which was replaced and returned to normal over the next 12 hours. Chest X-ray showed patchy bilateral interstitial and alveolar infiltrates which resolved over the next two days. A urine drug screen was reported as showing verapamil, large amounts of sertraline and a small amount of paroxetine as well as the presence of cannabinoids.
Two days after admission she developed evidence of the serotonin syndrome 3 with a pyrexia of 39°C, agitation, increased tone, hyperreflexia and tachycardia. In addition there was biochemical evidence of mild rhabdomyolysis with a serum creatine kinase which peaked at 4,726 U/l (normal <160 U/l). A serum troponin I level of 2.3 µg/l (normal <0.4 µg/l) strongly suggested myocardial damage. The ECG returned to normal following a period of first degree heart block.
Successful extubation occurred seven days after admission following two attempts that failed due to respiratory distress. The patient was transferred to a general medical ward 11 days after admission and was transferred home six days later having made a full recovery. There was no evidence of neurological impairment on discharge. Neuropsychiatric testing performed by the hospital psychologist six months after discharge showed "soundly average" intellectual abilities with no evidence of impairment of shortterm memory.
DISCUSSION
Treatment of verapamil (a popularly prescribed calcium L-channel blocker) overdose is mainly supportive following decontamination. Haemodialysis is ineffective due to the high volume of distribution. Haemoperfusion is also unhelpful 4 . Atropine usually fails to increase the heart rate and is not generally recommended 5 . Calcium ions are generally considered beneficial and large doses have been reported as causing no adverse effect 6 . No one inotrope has been demonstrated to be specifically advantageous 5 . Glucagon has been used successfully and is reported to be more effective when serum calcium levels are kept within normal limits 7 . The successful use of 4-aminopyridine as an antidote has been reported 8 . but the drug is not routinely available in Australia. Cardiopulmonary bypass (CPB) has recently been reported to provide circulatory support and a good outcome following flecainide overdose associated with cardiovascular collapse 9 . Unfortunately CPB is not available at our institution.
The severity of verapamil overdose has not been found to relate to blood levels 10 and reports of fatal toxicity in adults have followed ingestion of as little as 1.4 g of verapamil 5 . The presence of selective serotonin re-uptake inhibitors is known to potentiate verapamil toxicity 11 .
The cardiac arrest presented was punctuated with a short episode of successful capture by external pacing which was followed by a progressive fall in blood pressure. This may have represented a rapid depletion of intracellular calcium as it occurred despite continued maximum pacemaker output. Both lead and electrode placements were checked at the time and no fault was detected. CPR duration of greater than 15 to 20 minutes has been related to poor prognosis 12 and elevated blood glucose may be associated with worse neurological deficits in cardiac arrests of five minutes or more 13 . Hyperglycaemia may however simply be an epiphenomenon associated with prolonged resuscitation 14 . The use of bicarbonate is not recommended following cardiac arrest. This patient however, had a pH of 6.8 and in addition to increasing ventilation, bicarbonate was given in the hope of reducing extracellular acidosis to improve catecholamine receptor efficacy 15 .
This patient made a surprising full neurological recovery, despite a total of 65 minutes of cardiac arrest with evidence of subsequent myocardial damage and renal impairment. It is unlikely that hypothermia was the mechanism of protection, although moderate reduction in core temperature is well known to protect the brain from ischaemic events. The initial temperature of 35.5°C was measured per axilla. Her core temperature would be expected to be approximately 1°C higher than this and the next recorded temperature (tympanic) was 37.8°C on arrival in ICU.
There is some evidence in animal models that treatment with calcium L-channel blockers may provide protection against cerebral ischaemia 16 and that the degree of protection is in some cases dose dependent 17 . Levemopamil has been associated with some regionally selective improvement in neuropathology when administered to cats before cerebral ischaemia whereas administration after the event is not 18 . There is evidence that nimodipine improves survival and neurological outcome in acute ischaemic stroke in men 19 although failure to improve overall outcome in humans treated after a cardiac arrest is also reported 20 . Calcium L-channel blockers are a heterogeneous group of drugs however, and results from one drug or species may not translate to others. It is rarely possible to study their effects prior to cerebral ischaemia in humans. The occasional case report such as this and another 21 in which the patient made a full neurological recovery following 45 minutes of CPR suggest that verapamil overdose may confer some degree of protection from the effects of cerebral ischaemia.
